Long noncoding RNAs (lncRNAs) have been revealed to function as competing endogenous RNAs (ceRNAs), which can seclude the common microRNAs (miRNAs) and hence prevent the miRNAs from binding to their ancestral gene. Nonetheless, the role of lncRNA-mediated ceRNAs in prostate cancer has not yet been elucidated.
Background
The most common cancer in males worldwide is prostate cancer, accounting for 13% of cancer-related deaths. In 2016, prostate cancer resulted in 648 400 new cases and 80 900 deaths in developed countries [1] . Despite the rapid development of diagnosis and treatment of prostate cancer, poor therapeutic effect and high prevalence are still serious clinical challenges. Therefore, identification of new potential biomarkers and therapeutic targets is crucial to improving alternative therapies.
With the development of genome-wide analysis, up to 20 000 pseudogenes have been found in the human genome [2] . In general, pseudogenes are characterized by inaction in protein coding, such as long noncoding RNA (lncRNA). However, numerous studies suggest that they may execute important functions in carcinogenesis. Recently, a series of pseudogenes has been revealed to function as competing endogenous RNAs (ceRNAs), which can seclude the common microRNAs (miRNAs) and hence prevent the binding of miRNAs to their target genes [3, 4] , such as PTENP1, the pseudogene of PTEN tumor suppressor that includes a poly-A tail and shares a common 5' and 3'UTR sequence with PTEN [5] . Zhang et al. showed that PTENP1 can act as a ceRNA to alter PTEN expression level by sponging miR-106b and miR-93 in gastric cancer [6] . In addition, Chen et al. suggested that the lncRNA ROR promotes radioresistance in hepatocellular carcinoma cells by acting as a ceRNA for microRNA-145 to regulate RAD18 expression [7] .
In the present study, the expression profiles of lncRNAs, miRNAs, and mRNAs were obtained from The Cancer Genome Atlas (TCGA) database. The lncRNA-miRNA-mRNA regulatory axis was positively correlated with prostate cancer. A ceR-NA network was subsequently constructed using miRDB, miRTarBase, and TargetScan databases. Among the 23 lncRNAs, 6 miRNAs, and 2 mRNAs in the ceRNA network, 3 specific lncRNAs were found to have a strong association with the survival of prostate cancer patients. The results of this study help to describe the executive mechanisms of lncRNAs through the lncRNA-miRNA-mRNA network in prostate cancer, which may provide new insights for future research on prostate cancer.
Material and Methods

Patients and samples information
The RNA sequencing data from 499 prostate cancer tissues and 52 samples from non-tumorous prostate tissues were acquired from the TCGA database in 2018. The GDC Data Transfer Tool (https://gdc.cancer.gov/access-data/gdc-data-transfertool) was used to download the level 3 mRNASeq and miRNAseq gene expression data, as well as clinical information of prostate patients. The RNA sequencing data were generated from Illumina HiSeqRNASeq and Illumina HiSeqmiRNASeq platforms. This study meets the publication guidelines provided by TCGA (http://cancergenome.nih.gov/publications/publicationguidelines). Ethics Committee approval was not required as the data were obtained from TCGA.
Analysis of differentially expressed RNA
The "DESeq" package [8] in R software was used to identify the differentially expressed mRNAs, lncRNAs, and miRNAs with thresholds of |log2FoldChange| >2, false discovery rate (FDR) or adjusted P value <0.01. In addition, mRNA and lncRNA annotation were performed with ENSEMBL to define and encode the differentially expressed RNAs (htps://www.ensembl.org/).
Go and KEGG functional enrichment analysis
In order to understand the potential biological processes and pathways of discriminatively expressed genes, we used the Annotate, Visualize, and Integrate Discovery Database (DAVID 6.8) (http://david.abcc.ncifcrf.gov/) [8] to perform Gene Ontology (GO) biological processes at the significant level (FDR <0.05). The KEGG Orthology-Based Annotation System 3.0 (KOBAS3.0) (kobas.cbi.pku.edu.cn/) was used to conduct KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway analysis at the significance level of adjusted P value<0.05. The "Goplot" package in R was used to conduct the chord plot. The network was assembled and globally visualized using Cytoscape v 3.6.1 [9] .
Construction of the lncRNA-miRNA-mRNA ceRNA network Based on the hypothesis that lncRNAs can sponge the common miRNAs and thereby prevent the miRNAs from binding to their target gene [10] , a ceRNA network was constructed. StarBase v2.0 database (http://starbase.sysu.edu.cn/) was used to modify the miRNAs sequences, and the lncRNA-miRNA interactions were predicted by the miRanda database (http:// www.microrna.org/). miRDB (http://www.mirdb.org/), miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/) [11] and TargetScan (http://www.targetscan.org/) were used to predict the miRNAs target mRNAs. Also, in the present study, the aberrant expression data of the predicted miRNA were combined to select the intersecting lncRNA and mRNA. Construction and visualization of the lncRNA-miRNA-mRNA ceRNA network were performed by Cytoscape v3.6.1. lncRNA, miRNA, and mRNA with |log2Fold-Change| >2 and P<0.05 were analyzed.
Survival analysis
To determine the prognosis of TCGA prostate cancer patients in relation to differentially expressed RNA signatures, KaplanMeier survival curves of differentially expressed lncRNAs, microRNAs, and mRNAs were visualized using the "survival" package in R. Survival analysis was performed with log-rank test and P<0.05 was considered significant.
Cell culture
Normal myofibroblast stromal cell line WPMY1 and 2 prostate cancer cell lines (PC3 and DU145) were purchased from the American Type Culture Collection (USA). Cells were cultured in RPMI 1640 medium with 10% fetal bovine serum (Gibco, MA, USA), 100 mg/mL streptomycin, and 100 U/mL penicillin in a humidified atmosphere of 95% air and 5% CO 2 at a temperature of 37°C.
RNA extraction and the quantitative real-time PCR
Total RNA was extracted from cells with Trizol reagent (Invitrogen, Grand Island, CA, USA) according to the manufacturer's instructions. RNA was first reverse transcribed into cDNA using the PrimeScript RT kit (Takara, Japan) according to the manufacturer's protocol. qRT-PCR was then performed using an SYBR PrimeScript RT-PCR kit (Takara, Japan). The following primers were used: LINC00308, 5'-CAGATAAGACTCTGTCTACCCT-3' (forward), 5'-ACTGAATAAAGGAATGATGCGT-3'(reverse); LINC00355 5'-ACAGAGCTGGTGGGAGCTGGGAAT-3' (forward), 5'-AGTATCAATAGCTGAATAGAC-3'(reverse); OSTN-AS1: 5'-CCTGCCTCAGCTTCCCAAGGAG-3' (forward), 5'-GTTGGCAATAAAAAGAAGACAAT-3'. U6 was used as endogenous control U6 (5'-CTCGCTTCGGCAGC ACA-3' (forward), and 5'-AACGCTTCACGAATTTGCGT-3' (reverse)). All samples were run in triplicates on the ABI 7900HT Real-Time PCR system (Applied Biosystems, CA, USA). Calculation of relative expression levels was performed using the 2 -DDCt formula.
Statistical analysis
Statistical analyses were performed using SPSS 21.0 software (SPSS Inc., Chicago, IL, USA). Data are expressed as mean ±SD. The t test was used for two-group comparisons and a P value <0.05 was considered statistically significant.
Results
Patient characteristics
The detailed clinical and pathological features of the TCGA prostate cancer study population are shown in 
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To understand the mechanism of oncogenesis underlying prostate cancer, functional enrichment characterization of these 687 mRNAs was performed by GO and KEGG analysis with DAVID6.8 and KOBAS3.0, respectively. Enrichment of GO analysis showed that 8 significant functions are involved in prostate cancer (FDR<0.01) ( Figure 1A ). Among them, 133 genes were enriched in the extracellular region and represent the lowest FDR, followed by extracellular space with 108 enriched genes. All enriched gene-function relationships are shown in the chord diagram ( Figure 1B ). In the KEGG pathway analysis, a total of 19 pathways were genetically enriched (Table 2) ; salivary secretion was the most important cancer-related pathway, which contains 14 genes ( Figure 1C ). All the expressions related to these KEGG pathway-enriched genes were visualized using Cytoscape software. In the network diagram, the red genes represent upregulation in this pathway and green genes represent the opposite expression ( Figure 2 ).
Construction of ceRNA network in prostate cancer
To further explore the mechanisms of these differentially expressed genes in prostate cancer, a lncRNA-miRNA-mRNA (ceRNA) network was constructed based on the above data. Consequently, 6 miRNAs targeted 24 key lncRNAs were described in the ceRNAs network (Table 3 ). The miRNA-targeted mRNA was predicted through miRDB, miRTarBase, and TargetScan (Table 4) . Only 2 differentially expressed mRNAs in the ceRNA network, PTGS2 and DUSP2, have previously been reported as tumor suppressor genes [10, [12] [13] [14] (Figure 3 ). In the ceRNA network, 12 lncRNAs, 2 miRNAs, and 2 mRNAs are downregulated, while 12 lncRNAs and 4 miRNAs are upregulated (Table 5 , Figure 4 ). Subsequently, we successfully constructed the dysregulated ceRNA network with differentially expressed RNAs, which included 24 lncRNAs, 6 miRNAs, and 2 mRNAs. Results indicate that differentially expressed lncRNAs indirectly interact with mRNAs through miRNAs in prostate cancer ( Figure 5 ). To further identify the differentially expressed RNAs with prognostic significance, Kaplan-Meier survival analysis was used. As a result, 3 out of 24 differentially expressed lncRNAs (LINC00308, LINC00355, and OSTN-AS1) were significantly associated with overall survival (logrank P<0.05) ( Figure 6A ). However, no differentially expressed miRNA and mRNA in this ceRNA network were found to be associated with prognosis.
Characteristics of differentially expressed lncRNAs in prostate cancer
Based on the results of lncRNAs related to survival, we re-examined the expression data of prostate cancer tissues and 
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normal tissues. The results showed that the expression of LINC00308, LINC00355, and OSTN-AS1 was significantly higher in cancer tissues compared to the non-cancerous tissues ( Figure 6B ). In addition, we performed qRT-PCR in cell lines to examine the expression levels of LINC00308, LINC00355, and OSTN-AS1 in 2 prostate cancer cell lines, PC3 and DU145, as well as in the normal myofibroblast stromal cell line WPMY1. The results showed that LINC00308, LINC00355, and OSTN-AS1 are overexpressed in the prostate cancer cell line compared to the normal myofibroblast stromal cell line ( Figure 6C ).
Discussion
Prostate cancer is known to be a multifactorial disease with miscellaneous genetic factors. Traditional prognostic and predictive factors for prostate cancer, including tumor size, histologic grade, TNM stage, and number of lymph node involvement, may correlate with the clinical prognosis of patients. However, due to molecular heterogeneity, they seem to have limitations in distinguishing clinical outcomes among cancer risk subgroups [15, 16] . Interestingly, we found 687 significantly differentially expressed mRNAs in prostate cancer. The functional enrichment analysis demonstrated that these genes were mainly enriched in the "extracellular region." Several studies have revealed that DMBT1, ISG15, and EPPIN play an important role in the pathogenesis of prostate cancer [17] [18] [19] . The KEGG pathway analysis results showed that 14 genes were enriched in the salivary secretion pathway, including Cystatin, which has been shown to have a strong correlation with prostate cancer by modulating via the MAPK/Erk and androgen receptor pathways [20] . 
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carcinoma cell by targeting miRNA-199a/b-5p [21] . Wu et al.
showed that lncRNA-PAGBC acts directly on tumor-suppressive microRNAs by activating the AKT/mTOR pathway, thus promoting tumorigenesis [22] . Because of the strong correlation between ncRNA expression and tumor status, lncRNAs and miRNAs may be valuable as diagnostic and prognostic biomarkers [23, 24] .
The expression of ncRNAs is low in the normal state but becomes increasingly upregulated in pathological states such as cancer. Hence, ncRNAs are also promising biomarker candidates for cancer [25] and numerous studies have focused on profiling RNA expression in relation to cancer state in search of potential biomarkers of cancer [26, 27] . In the present study, we analyzed the public TCGA dataset based on human prostate 
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cancer samples, which is extremely useful to find potential biomarkers. A total of 24 lncRNAs, 6 miRNAs, and 2 mRNAs were shown to harbor altered expression in the ceRNA network. One of the altered mRNAs was found to be PTGS2, also known as cyclooxygenase (COX-2). PTGS2 is an enzyme with a critical function in prostaglandin biosynthesis, and several reports have revealed its potential function in prostate cancer [28] [29] [30] . Our results confirm the function of PTGS2 in prostate cancer, and we also provide another potential mechanism: it may be regulated by XIST, PCA3, OSTN-AS1, DSCAM-AS1, LINC00308, and PCA3 in competing with mir-137. However, to the best our knowledge, the relationship between DUSP2 and prostate cancer has not been reported yet and our result suggest that DUSP2 may have a role in prostate carcinogenesis, but this remains to be elucidated mechanistically. Recently, there have been many reports that miRNAs can act as oncogenes and tumor suppressor genes to play important roles in proliferation, invasion, migration, apoptosis, EMT, and other malignant biological behaviors of tumor cells [31, 32] . MiR-372, one of the differentially expressed miRNAs in our study, has been shown to inhibit prostate cancer cells migration and invasion by targeting p65 [33] . In addition, mir-184, which was also found to be differentially expressed in our study, has previously been reported as a potential signaling pathway in prostate cancer, acting through the mir-184/Bcl-2 axis [34] . Several new targets and potential mechanisms can be found in our ceRNA network studies, which may provide the basis for future research. Although lncRNAs have received much attention in recent years, the study of miRNAs is still very important because it plays a pivotal role in ceRNAs. However, in our ceRNA network, only 3 lncRNAs could predict patient survival. LINC00308 has been reported to be overexpressed in the testes, but the function of LINC00308 has not been studied [35] . Moreover, LINC00355, which has been reported as deregulated in patients with sepsis, shows central properties in the molecular pathways associated with disease pathogenesis and gene expression regulatory loops that may be involved in poor disease outcomes [36] . So far, none of the 3 differentially expressed lncRNA (LINC00355, LINC00308, and OSTN-AS1) reported in our study has been shown to be associated with cancer by other researchers. Hence, in the present study, the expression of these 3 lncRNAs was evaluated in prostate cancer lines. These lncRNAs were not only significantly associated with poor survival, but also were overexpressed in vitro.
Conclusions
To conclude, we have identified 3 novel lncRNAs -LINC00308, LINC00355, and OSTN-AS1 -associated with prognosis of prostate cancer, which could be clinically useful as potential prognostic biomarkers for prostate cancer. However, the underlying molecular mechanisms of action remain to be further elucidated in functional studies.
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